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PROBLEM TO BE SOLVED: To obtain excellent laser oscillation 
characteristics and high output, by forming a quantum well structure act.ve 
layer of two quantum well layers and a barrier layer surrounded by the 
quantum well layers. „ . 

SOLUTION: A buffer layer 2 is grown on a substrate 1. A contact layer 3 is 
grown. An N-type clad layer 4 is grown. A P-GaN guide layer 5 ,s grown An 
f _ ^ _ ...I i i/i =r, lnfiaN harrier aver 15 and an InGaN 



grown. An N-type ciau idyci ■» ■= & «»* =- - 

InGaN quantum well layer 14. and an InGaN barrier layer 15 
quantum well layer 14 are laminated in order, so that a rnuR.»..~ H — ■«"■"-» 
structure active layer 6 is formed. A P-GaN guide layer 8 ,s grown. A Ptype 
contact layer 10 is grown, and a gallium nitride based ep.tax.al wafer is 
,pleted. In a blue LD element formed in the above process laser 

. ... . : :n,+;„r> .uownlnnirth is 430nm and an oscillation 



completed. In a blue LU element rormeu m u.= <»v,~v~ , . 

characteristics wherein an oscillation wavelength is 430nm and 
threshold current is 40mA can be obtained, and the optical output is 
modulated by injecting a high frequency current. 
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a 0 9 NnM^7>/KJ1..25iin-GaN^M KH. 
2 6l±2»«DI n 0 . 2 Ga 0 . 8 Nft^#Fii3 4i: 1«<D 
I no . 06 Ga 0 . 95 NlWi3 5fc^3r2>#Sg^#F 
*83t*S14S. 2 7tiA 1 0 . 2 Ga 0 . 8 N|?JMJf. 2 8 
lip-GaN^ Kl, 2 9(ip-A 1 0 .iGa 0 . 9 N P 
i^7 7 Ki, 3 0lip-GaNpi3^^M« 3 
1 ti P fflftS » 3 2(in WIST* & . 
[0057] *H»«fcl*JV%T ,t7r^ TX1S2 1 <*> 
iSffitiaffi. rffi. m!B«SWfl!WiB*ffit*otfc«i5 
ifc. t7r-f TSM^RS^-f S i CfflS. 

. ftC S i CffljE^S^ti-^^ r A 7Wmzl\^ 

xmm i*?-t^tz#>. LEDmt 7-#w*sfl* 

*«8« tff *. & fc ^ 3 *!Mfc&*a 4./^7rf22l« 

JpK tfflxJS'A 1 N^A 1 GaN37n?FbH B aS:ffl^Ti>ct 

[0 0 58] nI?7 7Fl2 4at;pI^77Kl2 
9fl n-Alo.iGao.gNmhOAlfflfijcSrlfOAl 
GaN370g B B ^ ftGaN^TW^. i«* 
■£A 1 <-TS fc«tti^77 KJBfcOT* 

77FI24tpS^77FI29t -CffiAoajR^R 

[00 591 #4 FJB25fc28ll ^«x^-^f 
y > y ^gSWFtiBtiSttJB 2 6 s 
#F»*>x*/l/*-** ? 9 >y h'JB 2 4 . 2 9^ 



GaNfc£Jt**>fc-rffi*>*m. flx.** I nGaN. A 1 
G a N^W 3 TCSft* InGaAlN'^4 TcSA^fc 

FWJiSSttJi 2 6 ffl!tf)-astf>*£ / > V-?t LXi>£ 

2 8di nl?5'v HI2 4J:pI^7 7 KJB29*> 
fc*ft*ft»fcm£MJrf#FW3&«tt« 2 6^ 

5. 2 8^f^<xtLKDm j =?-nnt i iz^<mit-r 

Sifclifcv^tr. ?!MKJB2 5.. 2 8li*<Tfc«*> 

[0060] ^a»^#F*fi£vStt® 2 6 sr»«-r* . 

2i»I no. 2 Ga 0 . 8 N*^#FJi3 4k 1 *<0 I n 
0 06 Ga 0 95 NiI13 5(l <&m%&fcMtemt,X 

tiJfcWFJi 3 4 tf) I nTOSr7N^< fe< LfcVvJS 
^lii : f#Fl3 4« I nfflK*/h5<t4. ifcft-? 

#F^3 4 kl^Mfl3 5iS, I n G a N 37C?Mb b hI-^4 

^t:MiMl3 5li*^GaN&fflV^T*>J:V^ 
[0061 ] iJCC 07 kH8£#!HLT:±iE»{ktf U 

T^lft^-CtiM OCVDS ( ^"IS^M^ffiJ^^S ) £ ffl 
UT V**#. G a N l:lt7^^^^M 

^;t/^^) ^HDVPE (A-f b'5>f FfvfBJfcfc 

[0062] i-mjgojfcE^rtfci&BSftfc* c ra^ 

mmtLxm't^yr^Tmm2i±iz, tmc^n 

H 3 Jffltl^t, flt^ja«5 5 0*C-CGaN^'y7 
rJi2 2Sr3 5nm«ft$**. 

[0063] actmsias* i o 5 o°c£-c-±#£-£ 

f „ TMGJ: NH 3 . %XSSiH t ZMMlzm^X. & 
$3^m«7)Si H-7n-GaNni3y??M23 

JliilOSOWiitS^O. 3jumWS i F-rn 
- A 1 0 . j G a 0 . 9 N ni; 5 v HJi 2 4 ^JSS^S . M 
(tT. TM A&'tifflfrbm^X, M%mi 1 0 5 0°C 
£7)^iLfl5$0. 0 5um(DS i F-7'n-GaN^ 
Fil2 5*j£^-n.. 

[0064]^ jS^iBJKSr 7 5 O'C^Ttf . TMG 
tNH 3 , ^TMII:MtffiV^. In 0 . 2 Ga 0 . 8 
Nll^FJB (JSS3 nm) 34. I n 0 . 06 Ga 0 . 95 N 
BOT(JfS5nm) 3 5. In u Ga 0J Nlf^ 
JB(JS3 3nm) 3 4 ^JH^^I> - k (3 i 0 ^ffifi 
^FffiSSlSttW ( h-*/Utf>»S llnm)26^ 
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ffl^T. «£i&SJi7 5 0Xwa*T«$l Onm^A 
[0065] mz^ 1 0 5 0-Ctz t#L 

B£0. 0 5xzm<7)Mg K-7 P -GaN^M KJ12S 

sris^-r * . $ ty tattr tma ^^fcjni. . j&ga 

S«l 0 5 0r<7)iiT'J¥$0.3//mc7)Mg K-^p 
-A 1 o.iGa,. 9 N P l;77 K*2 9 
*tT. TMAS-TO^^^v^T. jS£jB&Jil 0 5 0°C 
cV&tXBZO. 2iUinOMgK-rp-GaNpS3 

[0066] *tf>« s .KWx/v- £8 0 0°C<OgfR;# 

©tft*-*; • • - ....... 

[0 0 6 7] $4,fcii»07*M;y^77-f-t h*7 

feWffimz^ p-GaNplay^^ M3 

n-Ga.Nnma>??hm2 37bWlii-t&£X' 
[0068] Stive H p-.GaNpIay^^hf 30 

[0069] -fOf^ .KO^X^n-^*^,,^^ 

[ 0 0 7 0 ] &±0>£ a (C LTfERSflfcWfiL E DS 
™. ffit*|6l«g62 OmAT. 3Bt»£4 3 0 nm • # 

^xm&ifismztuz. 

[ 0 0 7 1 ] frfc, *»fiFijT'{i. £»P#FW3t$5 

tt« 2 6 hm.^WFm 3 At mmm 3 5 ^mm 

MZ. 4^#J*«3 4fc|*l!;i3 5O#JgSE£i0nm 

[0072] tti^mmmxiz. ^m&T^mm^ 

m 2 6 h X 0 IZ A 1 „. 2 G a „ . « NSS^RSjhfli 2 7 

_t# L T ^ & latcl^l LT L ik 3 d £ m<'fz^Xh 
&° tot. fi^#F/l 3 4 £ £fl-f 4 1, <7)T'S>ii^ 



- &m±m2 7tLxm^z£&xz. m<0Aimt£ 

1 GaNSralal^GaNarM^T&J:^ £ 
fc. z?)BMffi±m2 7^M g ^K-fy^LT^i 
<. I^lip-GaN^ HJB2 8-^p-A1 0 , 
Ga, i9 N P S;7-y F/f 2 9£^;E?l#&A£ftJ|< 
%&tUomj5Wt>l>. Zt>{z. R=F#7*m 3 4<Dl n 
ffljSWS v^id^^BSjiJi 2 7 SrJ&£L$r< T *>4 
^Z** 3 4 fiSg|g L*UJttf>. #fcH«fi&jh« 2 7 £ 

[0073] 

ris^M] _ta j; a fc^Bjfcj. 5S ^y ■> 

*J£?SfM£fettS*?#F*«>Jia:£ 2 tf^i t 
J: a Lfe..- d<0«S«, **#F«(ca-A3*L 

*&<xrmti,x&mn!(t* Y-?<nm&&Lmz 

[0074]^^. *^B*cj:*fi^byy^A3^#^ 

l— ifs^t i GHzmmtx^mmwimmz&Ai-z 
mmmmzm^^T. x?mt lx?-?co 
^mtmiz^-^^t^^m^u^mmm 

[0075] ^Jti^M^-y^^^^ 

3tSStt«t*JJt*»#FJi<0JiSS:^ 2 if« Cl fc t=J: 
■oT. ^ASflfc« ; ?-i:jE7LSr2oo*?#F«tW 
t^fijL. »#F«l«^0fc«q£f&1E^fcjE?Lo 

ewmz&mvzt;. zcofem. m%L-x&jim£iz& 
^-tmmmx'hi>. 

[02 ] @ 1 «OA»£ifcfcLfcWBS0T-&S . 

[H4] x&fw%m*im%. itKwsLv&kfm 
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[07 ] *^^4^Sfe£?iJ^I»^f*l^^ 

[08] 07WB^£&*L£8ra0-t'2bl>» 
[09 ] *«B^^4^tfeWtffiS^f*f63t^ 

[010] &5t^W£LD^^J£7jcrM0T'fc 
5. 



[01 1] f^<7)WfeLEDcO^itM5r^-rKlTffi0T-$) 

3 n-GaNnS3y^^M 

4 n-Al 0 .iGa 0 . 9 Nni777h'l 

5 n-GaN#^l 

4.24 n-AlGaNni^5-yh'i 

6. 25 zsattTmrnffltm 

S. 2 8 p-GaN^-f K/B , 
9.29 p-AlGaNpI^77FI 
14. 34 InGaNl?#Fl 
15.35 I nGaNPlii 
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[02] 



[04] 
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[01 1 ] 



